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ABSTRACT

Stroke remains the fifth leading cause of death in
the United States, despite declining morbidity and
mortality rates. Patients who receive timely care
provided by mobile stroke treatment unit staffs
have dramatically improved outcomes compared
with patients who receive initial treatment in
an emergency department. Portable imaging
technology and wireless communication devices
have contributed significantly to shorter time
to treatment, which is a key factor in improved
outcomes.
KEY POINTS

• Therapeutic use of tissue plasminogen
activators (tPA) has had a major impact on
morbidity and mortality rates in patients with
acute ischemic strokes.

DECLINING MORBIDITY AND MORTALITY RATES

• Even a 1-minute delay in time-to-tPA treatment
affects morbidity and mortality rates.
• The major reason patients do not receive tPA
is that they do not reach the hospital quickly
enough to be assessed and treated within the
treatment window.
• Portable computed tomography and high-speed
wireless data transmission are fundamental to
the success of mobile stroke treatment units.

S

troke is the fifth leading cause of death in the
United States. Approximately 795,000 strokes
occur every year and about 130,000 patients die.1
The impact of stroke-related medical costs and disability
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is significant, making it a key target for treatment and prevention strategies.
Stroke is defined as an acute loss of neurologic function caused by damaged brain tissue. There are two primary types: ischemic and hemorrhagic. Ischemic strokes
are by far the most common, accounting for 87% of all
strokes.2 An ischemic stroke is caused by an arterial occlusion that restricts cerebral blood flow; a hemorrhagic
stroke is caused by a rupture or leak in the cerebrovasculature. Treatment of an ischemic stroke focuses on thrombolysis and revascularization strategies to restore blood
flow, whereas with hemorrhagic stroke, treatment focuses
on controlling intracerebral bleeding, elevated intracranial pressure, and secondary brain injury. This article addresses a key factor in improved stroke outcomes—time
to treatment—and the impact that a mobile stroke treatment unit (MSTU) can have on this factor.

•

Although the morbidity and mortality associated with
stroke are high, the rates have been declining. From 2001
to 2011, the stroke mortality rate declined by 35%.2 The
American Heart Association attributes the reduction to
improvements in both prevention and treatment.
A significant portion of the decline has come from
population-wide stroke prevention efforts. These include
community efforts to control the major cardiovascular
risk factors for stroke, including hypertension and hypercholesterolemia. Treating hypertension can reduce the incidence of stroke by up to 40%.3 In addition, community
education efforts aimed at improving awareness of stroke
symptoms and early detection have contributed to the declining rates, although, by some estimates, only about
one-third of the population knows the major signs and
symptoms of stroke.
Improved stroke treatments have also contributed to
better outcomes, primarily through the more widespread
use of thrombolytics. When first approved by the US
Food and Drug Administration (FDA), thrombolytics
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were primarily the purview of cardiologists. However, as outcomes data
accumulated, neurologists recognized the utility of thrombolytics in
treating ischemic cerebrovascular disease and began investigating their use
in clinical trials. Positive outcomes
from those trials led to their FDA approval for stroke treatment and universal recognition as the primary therapy
for acute stroke. More recent efforts
have concentrated on early treatment
by bringing the therapy to the patient
as opposed to the traditional treatment algorithm of providing care in
the emergency department. If therapy
is instituted quickly enough, ischemic
stroke symptoms can be reversed.
TIME TO TREATMENT

Figure 1. Odds ratio (OR) for favorable outcomes at 3 months in
tPA-treated patients versus control. This pooled analysis of three
stroke trials shows that the more quickly tPA is administered
(stroke onset to time to treatment [OTT]), the better the outcome.
CI = confidence interval.

Therapeutic use of tissue plasminogen Reprinted from The Lancet, 375 (9727), Lees KR, Bluhmki E, von Kummer R, et al; ECASS, ATLANTIS,
activators (tPA) has had a major im- NINDS, and EPITHET rt-PA Study Group. Time to treatment with intravenous alteplase and outcome
pact on morbidity and mortality in pa- in stroke: an updated pooled analysis of ECASS, ATLANTIS, NINDS, and EPITHET trials. The Lancet
2010; 375(9727):1695–1703. © 2010, with permission from Elsevier.
tients with acute ischemic strokes. The
efficacy of tPA as thrombolytic therapy in this patient population is well
to 5%.13 For optimal stroke care, the rate should be 30%
documented.4
to 50%.
Also well documented is the significant impact of timeto-tPA treatment on outcomes. If therapy is started within IMPROVING TREATMENT TIMES
3 to 4.5 hours of ischemic stroke onset, patients have im- Studies have found that the major reason patients do not
proved functional outcomes 3 to 6 months after the inci- receive tPA is that they do not reach the hospital quickly
dent (Figure 1). Between 31% and 50% of patients treated enough to be assessed and treated within the treatment
with tPA within 3 hours experienced improved recov- window.14,15 In essence, neurologists have the technolery at 3 months compared with 20% to 38% of patients ogy to treat most patients, but are waiting for the patients
treated with placebo.5–9 Faster onset to treatment, mea- to arrive. Many factors contribute to this delayed arrival
sured in 15-minute increments, has been shown to sig- time. On the patient level, the primary factors are related
nificantly reduce in-hospital mortality, reduce intracranial to failure to recognize stroke symptoms as well as failure
hemorrhage, increase ability to walk at discharge, and in- to understand their seriousness.
From the healthcare provider’s perspective, a major
crease number discharged to home.6 Even a 1-minute
delay in time-to-tPA treatment has a substantial impact on barrier to reducing the time-to-treatment window is the
rates of morbidity and mortality (Table 1).10 National and need to accurately assess patients with acute ischemic
international guidelines recommend starting intravenous stroke who are eligible for thrombolytic therapy. This is
tPA within 1 hour of patient arrival in the emergency difficult to achieve in clinical practice because it requires
department and not longer than 4.5 hours since symp- neurologic imaging primarily with computed tomogratom onset, although some evidence indicates a 3-hour phy (CT) or magnetic resonance imaging (MRI) and laboratory analyses so that hemorrhagic stroke and other
window. 5,11,12
Although the evidence supports the benefit of rapid contraindications to thrombolysis can be excluded. Tratherapy for acute ischemic stroke, the national percent- ditionally, this type of analytic equipment had been availage of patients who actually receive tPA within the ther- able only in emergency departments, requiring patients to
apeutic window is small, by some estimates as low as 3% be brought to those facilities.
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Wireless data transmission.
Cellular wireless providers have
Neurons losta
Synapses lost
Accelerated aging
developed the technology and
equipment to provide highPer stroke
1.2 billion
8.3 trillion
36 yr
speed wireless broadband capable of transmitting high-quality
Per hour
120 million
830 billion
3.6 yr
CT and MRI images. It also enables encrypted feed of video
telemedicine, data transmisPer minute
1.9 million
14 billion
3.1 wk
sion, and download of patient
data. This allows the MSTU to
Per second
32,000
230 million
8.7 hr
electronically sit inside the firewalls of healthcare facilities,
Average human brain has 130 billion neurons.
providing access to the patients’
Reprinted from Saver JL. Time is brain—quantified. Stroke 2006; 37(1):263–266. © 2006, with permission from
electronic health records and to
Wolters Kluwer Health, Inc.
on-site stroke experts.
The successes have been
Recent innovation in this area led to the development impressive. Studies have found that the deployment of
of specialized ambulances equipped with a CT scanner, an MSTU significantly reduces the median time from
point-of-care laboratory equipment, and telemedicine 9-1-1 alarm to intravenous thrombolysis without inconnection along with the appropriate treatment options/ creasing adverse events.16–19 These data are primarily
medications and trained healthcare personnel to provide from the PHANTOM-S study, a pilot program conprehospital stroke treatment. These specially equipped ducted in Germany.18,19 Results showed a significant
ambulances are known as MSTUs or stroke emergency reduction in alarm-to-treatment times, from 76 minmobile (STEMO) units. Their development has dramati- utes in the hospital control group to 52 minutes in the
cally altered the strategy from one of taking the patient to MSTU group (Table 2).17,19 Further, among patients
the treatment to taking the treatment to the patient.
who suffered an ischemic stroke, the proportion who
received tPA within 1 hour of symptom onset was sixfold higher after MSTU deployment (Table 3).18 In a
MOBILE STROKE TREATMENT UNITS
Two technological innovations have been fundamental to separate European study, prehospital stroke assessment
the creation and success of MSTU: portable CT scanners using an MSTU significantly reduced the median time
from alarm-to-therapy decision: 35 minutes versus 76
and high-speed wireless data transmission.
CT scanners. A key element was the development of in the hospital group.16
a portable diagnostic-quality head and neck CT scanThe prehospital cerebrovascular diagnostic workup
ner that can be fit inside a typical-sized ambulance. This provided by an MSTU also can improve the emergency
8-slice CT scanner is capable of creating the same scan management of other stroke types. By providing more ditypes and quality found in radiology department CT scan- agnostic data and higher quality imaging, the units imners, including axial imaging, helical angiography, and prove the accuracy of the diagnosis. In turn, this enables
perfusion imaging. The resolution and slice thickness emergency personnel to provide accurate therapy and to
(1.25 mm) of the images are of suitable quality to enable transfer patients to hospitals with the appropriate level of
neurologists and neuroradiologists to exclude hemor- stroke care, decreasing the need for additional intrahospirhage in acute stroke, to assess the degree of brain injury, tal transfers.20
and to identify the vascular lesion responsible for the
Overall, it has been shown that an MSTU equipped
ischemic deficit. These technologies also enable diagnos- with the necessary imaging and laboratory testing equiptic differentiation between brain tissue that is irrevers- ment can provide appropriate, accurate, and safe ambuibly infarcted from that which is potentially salvageable, lance-based prehospital tPA administration, reduce the
thereby allowing more accurate patient assessment. The time to tPA administration, and increase the number of
imaging data currently obtainable by CT scanners fitted patients who receive tPA administration. All of these facon ambulances is only likely to improve with future tech- tors combine to improve outcomes in patients with acute
nological advances.
ischemic stroke.

Table 1. Time-to-treat impact on stroke outcomes
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mission as it allows for treating
more patients with tPA as quickly as
Conventional
possible without concern for health
MSTU
care model
P value
insurance, which maximizes the
Primary end point
potential for neurologic recovery.
Staffing and procedures. The
Alarm to treatment: mean
51.8 min
76.3 min
<0.001
MSTU staff is composed of a paraSecondary end points
medic, a critical care nurse, a CT
Alarm to imaging: mean
37.7 min
52.4 min
<0.001
technologist, and an emergency
medicine technician/EMS driver.
Imaging to treatment: mean
14.1 min
23.8 min
<0.001
They perform CT scans and pointThrombolysis rates in
33%
21%
<0.001
of-care laboratory tests on patients
ischemic stroke
who have stroke symptoms. The
MSTU = mobile stroke treatment unit.
CT scans and laboratory results are
wirelessly transmitted to Cleveland
Table 3. Thrombolysis within 1 hour using MSTU model vs
Clinic. A neurologist assesses the
conventional care18
data, consults with the MSTU staff
MSTU
Conventional
on history and neurologic examimodel
care model
nation, and diagnoses the patient
remotely. Patients are then transAll ischemic stroke patients: OTT ≤1 hr
10.1%
1.1%
ported to the closest hospital with
the resources to meet their clinical
All ischemic stroke patients: median OTT
80.5 min
105.0 min
needs. If thrombolytic therapy is inAll patients who received thrombolysis: OTT
31.0%
4.9%
dicated, intravenous tPA is initiated
≤1 hr
immediately at the scene. If the pa66.0%
15.4%
All patients who received thrombolysis ≤1 hr
tient has sustained a hemorrhagic
stroke, reversal of anticoagulation
MSTU = mobile stroke treatment unit; OTT = onset to treatment.
therapy is initiated, if indicated.
Outcomes. The success rates
also have been impressive, with dramatic reductions
CLEVELAND CLINIC EXPERIENCE
Cleveland Clinic has a tradition of providing high-qual- in time to treatment. On average, patients received
ity and innovative stroke care. Recognizing the impor- tPA 40 minutes faster in the MSTU model than in the
tance of an appropriately equipped MSTU in reducing the standard model of ambulance transport and in-hospitime to stroke treatment, especially tPA administration, tal evaluation and treatment: 64 minutes versus 104
Cleveland Clinic instituted a plan to develop an MSTU minutes. Further, more patients in the MSTU group
for the care of patients in the Cleveland area. The devel- received tPA: 26% versus 14%. Results also showed a
opment required several planning, funding, and develop- 21-minute reduction in time-to-CT completion, an important aspect of providing more timely care.21–23 This
ment phases.
Planning. Establishing relations with both city plan- CT scanner is also capable of CT angiography. This
ners and area hospitals was central to planning the MSTU enables large-vessel occlusion strokes to be identified
startup. An agreement with the city of Cleveland included in the field. When these types of strokes are identicreating an emergency medical system (EMS) triage al- fied in the field, the patients are transported directly to
gorithm for the 9-1-1 dispatch center. When a call is re- a stroke center capable of endovascular therapy, even
ceived, the dispatcher uses a stroke checklist to perform bypassing some primary stroke centers.
an initial screening. If a stroke is suspected, the MSTU
Using the MSTU to bring diagnostic and stroke care to
is dispatched along with a Cleveland EMS or other first- the patient has shown that the time between the onset of
responder unit.
stroke-like symptoms and the delivery of treatment can
As part of the agreement, Cleveland officials required be reduced. Thus, an MSTU has the potential to minimize
that the MSTU treat all patients, regardless of their ability the mortality and long-term morbidity associated with
to pay. This requirement has been beneficial to the MSTU strokes.

Table 2. Time to treatment using MSTU vs conventional care17
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